Mutagens usually increase the proportion of all mutants in the population to approximately the same extent (Muller, 1954) . They probably act by increasing the number of errors made by the cell during replication of the nucleic acids, rather than by a specific reaction of the mutagen with the nucleic acid. The same effect results from exposure to high temperatures. Exposure of B. megatherium (Northrop, 1962) or K12 X (Northrop, in press) cultures, for instance, to a series of mutagens results in an increase of 2-20 times in the proportion of several mutants and also of the virus-producing cells. In these experiments the cultures were exposed to the mutagens for a short time only. If P22 or K12 X cultures are grown continuously, instead of for a few hours, in the presence of triethylene melamine (TEM) either in the automatic cell (Northrop, 1960) Figure 1 . For the first 12 transfers, the culture produced less than 1 X or PTEM plaque per 10
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Communicated October 11, 1965 Mutagens usually increase the proportion of all mutants in the population to approximately the same extent (Muller, 1954) . They probably act by increasing the number of errors made by the cell during replication of the nucleic acids, rather than by a specific reaction of the mutagen with the nucleic acid. The same effect results from exposure to high temperatures. Exposure of B. megatherium (Northrop, 1962) or K12 X (Northrop, in press) cultures, for instance, to a series of mutagens results in an increase of 2-20 times in the proportion of several mutants and also of the virus-producing cells. In these experiments the cultures were exposed to the mutagens for a short time only. If P22 or K12 X cultures are grown continuously, instead of for a few hours, in the presence of triethylene melamine (TEM) either in the automatic cell (Northrop, 1960) (Szybalski, 1960; Northrop, 1963) ; it probably reacts directly with the DNA (Lorkiewicz and Szybalski, 1961 Figure 1 . For the first 12 transfers, the culture produced less than 1 X or PTEM plaque per 10 ml (,-1010 cells) . On the 13th transfer there were 106 X phage plaques/ml, and on the 14th, 108 X plaques. After the 17th transfer 30 PTEM plaques appeared on the P22 plates, and after the 20th transfer there were 108 to 109 per ml. No more X plaques could be found after this. The PTEM titer remained about the same for another ten transfers, whether the culture contained TEM or not. The PTEM virus forms large (5-mm) clear plaques on K12S and small clear plaques on K12 X and P22. It does not attack coli B. It forms lysogenic cultures with either P22, K12 X, or K12S and differs in this respect from the rare virulent mutant phages described by Lederberg and Lederberg (1953) and by Jacob and Wollman (1954) .
These lysogenic cultures produce the TEM phage and no X phage can be detected, although some may be present, since no assay exists for the determination of X phage in the presence of high concentrations of PTEM. Repeated transfer of these lysogenic cultures, with or without TEM, sometimes results in the loss of the virus from the culture, but the cells remain resistant to it.
Colony analysis of these lysogenic cultures showed that all colonies were resistant to the TEM phage, but only 2-20 per cent gave rise to clones which produced the virus. This explains the fact that some cultures lose the virus after repeated transfer.
In order to obtain the PTEM it is necessary to transfer a large inoculum, about 0.3/10 ml, or grow the cultures in the automatic cell. The results with K12 X cultured with TEM are essentially the same, except that the relative increase in the X phage is less (about 104 times), since the normal culture produces about 106 phages per 109 cells. The increase in the X phage occurs after 2-4 days and the appearance of the PTEM follows in another 2-3 days. The PTEM may also be obtained from K12 X cultures by repeated exposure to ultraviolet light. The course of events is similar to that with TEM. The X phage increases after repeated exposure for 3-4 days and 2-3 days later the PTEM appears. No PTEM appears in K12 X cultures grown in the presence of hydrogen peroxide, although the titer of the X phage is about as high as in the culture containing TEM. High concentrations of X phage, therefore, are not sufficient to cause the TEM phage to appear.
The fact that the PTEM appears after very high concentrations of X phage suggests that it is the result of the action of the mutagen on the X phage itself. Repeated attempts to produce PTEM by the action of TEM on X phage, however, were unsuccessful. Attempts to obtain the virus from K12S, a nonlysogenic culture, were also unsuccessful.
During the course of the experiments with K12S and TEM, more than 300 transfers were made with the same procedure and culture medium used to transfer the P22-TEM or K12 X-TEM series. No phage of any kind appeared in any of the K12S cultures, which is evidence that accidental contamination could hardly be responsible for the positive results with the other strains. In addition, no phage having the properties of the TEM phage had been in the laboratory at any time previous to its appearance in the P22 + TEM series. It may be noted that no special test for the presence of the TEM phage is required since, if it appears, it takes over the whole culture and changes it to TEM-phage lysogenic cultures.
The production of the TEM phage, therefore, apparently results in the action of TEM or ultraviolet light on the cells which are producing X phage. (The appearance of a new virus by the action of a mutagen is usually termed a "virus mutation," no matter whether the mutagen acts upon the virus-producing cells, as in the present experiments, or upon the free virus itself. Since the provirus is part of the chromosome of the lysogenic cell, it is a matter of convention (cf. Gratia, 1921; Jacob, 1952; and Boyd, 1956) as to which one is assumed to mutate. In the analogous case of the appearance of a new transforming principle nucleic acid, the result is termed a "bacterial mutation," if the mutagen acts upon the bacterial cell, and the term "transforming principle mutation" is reserved for the case in which the mutagen acts directly upon the transforming principle nucleic acid.)
The results in general are similar to those of Yamafuji (1964) , who has been able to cause the appearance of polyhedral silkworm disease by treatment of the larvae with various mutagens.
These results may also explain some of the many early reports of the "spontaneous" appearance of bacterial virus (reviewed by Raettig, 1958) . In the case of the defective culture P22, for instance, the normal production of X phage is so low (<1 per 109 bacteria) that it could easily be overlooked and the appearance of the TEM phage would then be described as de novo.
Experimental Procedure.-X Phage determination: Sample was plated with K12S, as described by Sinsheimer.
TEM phase: Phage was plated with K12 X or P22.
TEM series: Ten tubes containing 10 ml nutrient broth + 0.05 mg TEM/ml were inoculated from stock slants of K12 X, P22, or K12S, or from single colonies.
At 370 for 24 hr, 0.3 ml was transferred to 10 ml of same culture medium. This was repeated daily. A combined sample from ten tubes was assayed for phage. If phage was present, a sample from each tube was assayed.
The hydrogen peroxide series was carried out in the same way, except that 0.01 M hydrogen peroxide was added to the nutrient broth.
Ultraviolet light series: Ten ml of 24-hr nutrient broth culture in a Petri dish was exposed to a G.E.germicidal lamp for 1min at 10 cm; 0.3 ml of this culture was added to 10 ml nutrient broth, incubated at 370 for 24 hr, and exposed again-this was repeated daily with ten tubes. Mixed sample was assayed as above.
Cultures: The P22 culture was obtained from Dr. Frangois Jacob of the Pasteur Institute. It contains a defective prophage and cannot be induced by ultraviolet light. It produces a few X phage particles which are considered to be revertants (personal communication from Dr. Jacob).
Summary.-Continuous culture of coli K12 X or coli P22 in the presence of triethylene melamine results in the appearance of very high concentrations of X phage. Two or three days later a new virus (PTEM) appears which infects the parent culture itself and changes it to a lysogenic culture producing the PTEM, instead of X.
The author is indebted to Dr. Frangois Jacob of the Pasteur Institute for the P22 culture and
